Counting white cysts on carefully washed roots is a method commonly used in breeding programmes for testing the resistance of plants to cystforming nematodes. Much labour could be saved if a readily detectable marker gene was linked with the gene for resistance. In this case selection for the marker gene would simultaneously result in selection for the resistance gene.
An attempt by the present authors to find a linkage of this type was started in 1966. The resistant barley variety KVL 191 was crossed with 14 lines with translocations and in 1967 a linkage was found between the gene for resistance and the translocation Tz-sf. In spring 1967 the authors were informed (DESMOND HAYES, pers. comm.) that a close linkage was found between the gene for resistance in KVL 191 and the Vv locus on chromosome 2 (COTTEN and HAYES 1969) . The present report deals with the results of investigations of marker genes placed on chromosome 2 near the translocation break and the Vv locus.
Recent reports concerning linkage between genes on chromosome 2 have been published by PERSON (1969), S a~A~~( 1 9 7 1 ) ,
ROBERTS ON(^^^^)
and TAKAHASHI et al. (1972) . COTTEN and HAYES (1969) calculated the recombination value between the resistance gene and the Vv and Lili loci. Chromosome maps and recombination values are found in Nilan's manual of Cytology and Genetics in Barley (NILAN 1964) , in the paper of ROBERTSON (1971) and in the first and second volumes of Barley Genetics Newsletter which appeared in 1971 and 1972. However, the determination of recombination values is associated with various sources of error, certain of which appear to be of considerable significance. Although chromosome maps based on such erroneous values must necessarily be inaccurate, the degree of accuracy must nevertheless be increasing as new results appear.
Material and methods
Varieties from a collection maintained at the KVL 745 and 752. -v. These varieties are 6-rowed. No. 745 was used most frequently. Incomplete dominance by heterozygotic plants was important in crosses between 2-rowed and 6-rowed varieties. This problem has been previously mentioned by PERSSON (1 969). The lateral spikelets of the heterozygote are always larger than on homozygotic 2-rowed plants. In the present investigations the development of lateral spikelets on heterozygotic plants depended to a large extent on the growth conditions and the parents used in the cross. Vigorously growing plants were always found to produce welldeveloped lateral spikelets.
In order to overcome problems in the classification of 2-rowed contra 6-rowed, crosses were made with varieties carrying the gene Lk or Vt.
The resultant populations were easily classified, although PERSSON (1969) was of the opinion that the deficiens character Vt was as difficult to handle as the 2-rowed versus 6-rowed character.
KVL 421 and 772. -Vt. The varieties belong to Hordeum vulgare ssp. deficiens. The lateral spikelets are very much reduced.
KVL 808. Received from Arne Hagberg. Contains the translocation Tz-3f.
In crosses with translocations plants with fertile and semisterile spikes must be counted. Since a number of plants can possess sterile flowers due to physiological reasons, the boundary between normal and semisterile plants is not always easy to define. KVL 810. -Pau. Received from Desmond Hayes as no. Cb 1115. The variety contains the gene Pau which should give purple coloured auricles. The original description of this variety is published in literature which was not available, and the purple colour in the auricles was not significantly different from the colour in many other varieties. The lower part of some, but not all leaf blades showed an unusual change from green to red colour in certain plants, especially when grown in the greenhouse. An unexpected property of this variety was a partial resistance to nematodes and some of the segregations were difficult to explain. A third characteristic is that the kernels turn from green to a dark purple or black colour approximately 3 weeks after flowering. This colour bleaches gradually and the ripe kernels are almost grey. This purple-black-grey colour resembles the colour produced by the gene Re2.
The colour of the kernels of KVL 810 is in the following used to detect the presence of the gene Pau. In crosses with the variety KVL 792 which is green at the node of the culm and at the ligule and yellow at the tip of the awns, no plants were found with a purple colour coloration in one of these three organs and not in the other two.
KVL 811. -Tr. Received from Desmond Hayes as no. I1488 Co 1/3. The variety has triple awned lemma.
KVL 812. -log 1 = e. Received from Arne Hagberg. Line of Bonus which is 2-rowed with very long awns on outer glumes. KVL 813. -Lk. Received from Arne Hagberg. Line of Bonus which gives spikes without awns.
KVL 814. -e = log 1. Received from T. Tsuchiya as the variety Triple Bearded Club Marionet. The variety is a 6-rowed copy of KVL 812. A line from a cross with KVL 745 was given the number
814.
All counts were made in the Fz generation.
Populations with one resistant parent were grown in infested soil in clay tubes or in plastic bags (ANDERSEN 1961 (ANDERSEN , 1963 . All other populations were grown in the field, and the kernels were sown in squares with 10 cm distance between the kernels.
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A number of chi-analyses was made according to formulae given by BONNIER and TEDIN (1 940). Calculation of recombination values was made on the bases of Persson's formulae (PERSSON 1969) . These calculations were simplified by a program to an electronic calculating machine (Olivetti programma 102), made by the graduate students C. J. Kehlet and Chr. Pedersen.
The majority of F1 plants were grown in the field and all F1 plants from a single cross were normally grown in the same year and at the same site. Certain of the Fz populations were tested on several occasions, but the recombination values obtained at different sites or in different years were not significantly different and counts made in different years were therefore pooled. Similarly, results obtained from crosses with varieties carrying the same gene were also pooled.
Crosses with genes in the coupling phase gave results of a considerably higher significance than crosses with genes in the repulsion phase. Unfortunately, many crosses had to be performed with genes in the repulsion phase, but lines with different combinations of marker genes were selected and are now available for further research.
The number of crosses performed in the present investigations could have been considerably reduced had it been possible to employ varieties carrying several marker genes, each cross giving several recombination values. However, such material was not available and almost all crosses gave results enabling only one point analysis.
Results
The total number of plants investigated from each population (n) is listed in the following tables, whereas the number of plants in the individual groups is omitted. In crosses with translocations a 1 : 1 segregation in fertile and semisterile plants was obtained. All genes showed a 3 : 1 segregation and the plants could be classified in 4 groups according to their genetic constitution: AB, Ab, aB and ab. If the genes investigated were in the phase of repulsion, the number of homozygotic recessive plants (ab) was low, but of considerable importance. In some cases no ab plants were found, but the recombination value was calculated according to the assumption that one plant was found. The recombination values obtained from such crosses are listed in parenthesis.
Coupling versus repulsion appears in the column listing the genes involved; the genes are denoted as dominant or recessive according to the condition in the crossed varieties.
A chi-square was calculated for all populations and the results are listed in the tables. The column for X2A gives the chi-square for a 3 : 1 segregation of the gene termed A and XzB for a 3 : 1 segregation for gene B (or in crosses with translocations a 1 : 1 segregation). The X2AB column gives the chi-quares for free combinations of A and B. The standard error of the recombination values are given in the column marked f .
Genes giving resistance to the cereal root eelworm (Hererodera avenue) are termed Ha. This is in accordance with the terminology suggested in Barley Genetic Newsletter Vol. 1 (ANONYM 1971). 1959, 1961) have shown that these varieties were resistant to race 1 only. A gene for resistance to both race 1 and race 2 was found in the barley variety KVL 191 and has since been transferred to other varieties,e.g., KVL 795. These two genes for resistance are placed in different loci (ANDER-SEN and ANDERSEN 1968). The gene found by NILSSON-EHLE must be termed Hal according to chronological order. Similarly, the gene present in KVL 191 and KVL 795 is termed Ha2.
As early as in 1920 NILSSON-EHLE reported barley varieties having resistance to the eelworm (NILS-SON-EHLE 1920). Later experiments (ANDERSEN
Summaries of recombination values are shown in Tables 1-3. Table 1 shows values obtained from crosses between Ha2 and other genes. Most important is the recombination value of 2.5 between Ha2 and pau. This result is highly significant; the chi-square is low for the 3 : 1 segregations and high for linkage and the standard error is low.
In the population from crosses between Ha2 and Pau a much higher recombination is found, but the real value may be as low as in the cross with pau. The genes were in the phase of repulsion and consequently the standard error is high. Furthermore, the calculated value is not fully correct as no susceptible, green plant (ha2 pau) was found. The calculation was carried out on the assumption that such a plant was present. The correct value could for this reason be much lower than calculated. was crossed with two 6-rowed varieties, Utah T 3 and Grandpa. COTTEN and HAYES (1969) found the recombination value between Ha2 and v to be 10.2. There are obviously two values for this genetic distance, approx. 12 and approx. 18 units. Both of these values appear to have a rather high probability and it is not possible to state which is the correct.
The recombination value between Ha2 and e is 25. This value shows that the Ee locus must be placed at a greater distance from Ha2 than the Vv locus. This is confirmed by results from crosses with pau in which a recombination value of 1 1 was found in crosses with v and a recombination of 27 in crosses with log I ( = e). Crosses between T,-,f and pau or Ha2 show recombination values of approximately the same order as crosses in which v was crossed with pau or Ha2. Thus the translocation break must be located in the closc proximity of the Vv locus.
Crosses between Ha2 and li showed a recombination value of almost 30, but no linkage was found between Ha2 and tr. The genes tr and li are placed near the distal end ofchromosome 2 and according to the results reported tlie order of the investigated genes must be:
The recombination value between Ha2 and cer g1° is 13 (Table 1 ) and the recombination between v and cer gl0 is 9 (Table 2) . These values indicate that cer gl" is placed between Ha2 and v, but the conclusion is not final. A very close linkage between Ha2 and gp and Re2 should be expected according to existing chromosome maps, but no linkage was found between Ha2 and gp in the present investigations. The recombination value with Re2 is high.
Crosses between pau versus V or Lk show recombination values of approximately 9, whereas crosses with Pau show values about 15 (Table  3) . This difference could not be explained with certainty.
The gene Re2 is found in the variety Utah T 3 which was received from Tsuchiya. This gene gives kernels with the same colour as found in KVL 810. This raises the question as to whether the gene Re2 is present in KVL 810 and is close linked to or is allelic to the gene for purpleauricles (Pau). This would not appear to be the case, since the recombination value between Ha2 and Re2 was found to be 33 (Table I) . However, if the gene Re2 is not present in KVL 810 a segregation into plants with yellow kernels would be expected in a cross between Utah T 3 and KVL 810. Such a segregation was not observed in 200 F, plants grown in 1972, but this work will be continued. Assuming the absence of double crossing-over, the recombination between e and v should be approximately 7, whereas values of 19.8 and 22.9 were found. These recombination values are of the same order as those found by PERSON (1969) and TAKAHASHI et al. (1972 
